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Two light sterile neutrinos that mix maximally with eah other
and moderately with three ative neutrinos
∗
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s, Warsaw University
Ho»a 69, PL00681 Warszawa, Poland
Abstrat
Sine the 3+1 neutrino models with one light sterile neutrino turn out to be not
very eetive, at least two light sterile neutrinos may be needed to reonile the solar
and atmospheri neutrino experiments with the LSND result, if this is onrmed by the
ongoing MiniBooNE experiment (and when the CPT invariane is assumed to hold for
neutrino osillations). We present an attrative 3+2 neutrino model, where two light
sterile neutrinos mix maximally with eah other, in analogy to the observed maximal
mixing of muon and tauon ative neutrinos. But, while the mixing of νe and (νµ−ντ )/
√
2
is observed as large (though not maximal), the mixing of νe with the orresponding
ombination of two light sterile neutrinos is expeted to be only moderate beause of
the reported smallness of LSND osillation amplitude. The presented model turns out,
however, not to be more eetive in explaining the hypotheti LSND result than the
simplest 3+1 neutrino model. On the other hand, in the onsidered 3+2 model, the
deviations from onventional osillations of three ative neutrinos appear to be minimal
within a larger lass of 3+2 models.
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1. Introdution. As is well known, the neutrino experiments with solar νe's [1℄, atmo-
spheri νµ's [2℄ and long-baseline reator ν¯e's [3℄ are very well desribed by osillations
of three ative neutrinos νe , νµ , ντ , where the mass-squared splittings of the related
neutrino mass states ν1, ν2, ν3 are estimated to be ∆m
2
sol ≡ ∆m221 ∼ 7 × 10−5 eV2 and
∆m2atm ≡ ∆m232 ∼ 2 × 10−3 eV2 [4℄. The neutrino mixing matrix U (3) =
(
U
(3)
αi
)
(α = e
µ, τ and i = 1, 2, 3), appearing in the unitary transformation
να =
∑
i
U
(3)
αi νi , (1)
is experimentally onsistent with the global bilarge form
U (3) =

 c12 s12 0− 1√
2
s12
1√
2
c12
1√
2
1√
2
s12 − 1√2c12 1√2

 , (2)
where θ12 ∼ 33◦ and θ23 = 45◦, while U (3)e3 = s13 exp(−iδ) is negleted in aordane
with the negative result of Chooz experiment with short-baseline reator ν¯e's [5℄ (the
experimental upper bound is estimated at s13 < 0.03). However, the signal of ν¯µ → ν¯e
osillations reported by LSND experiment with short-baseline aelerator ν¯µ's [6℄ requires
a third neutrino mass-squared splitting, say, ∆m2LSND ∼ 1 eV2 whih annot be justied
by the use of only three neutrinos (unless the CPT invariane of neutrino osillations is
seriously violated, leading to onsiderable mass splittings of neutrinos and antineutrinos
[7℄; in the present note the CPT invariane is assumed to hold for neutrino osillations).
The LSND result will be tested soon in the ongoing MiniBooNE experiment [8℄. If this
test onrms the LSND result, we will need the light sterile neutrinos in addition to three
ative neutrinos to introdue extra mass splittings (and, at the same time, not to hange
signiantly the solar, atmospheri and reator neutrino osillations).
While the 3+1 neutrino models with one light sterile neutrino are onsidered to be
strongly disfavored by present data [9℄, the 3+2 neutrino shemes with two light sterile
neutrinos may provide a muh better desription of urrent neutrino osillations inlud-
ing the LSND eet (for a disussion on the ompatibility of all short-baseline neutrino
experiments in 3+1 and 3+2 models f. Ref [10℄).
The neessary existene in Nature of exatly two light sterile neutrinos was argued
1
some years ago [11℄ on the ground of a new series of generalized (Kähler-like) Dira
equations whih ould desribe three and only three generations of SM-ative leptons
and quarks, and two and only two generations of single SM-passive light neutrinos (light
sterile neutrinos). The ondition for it was an intrinsi (Pauli-type) exlusion priniple
that, when it was holding, ut o the series of the orresponding generalized Dira elds to
one triad of SM (15+1)-plets and one ouple of SM singlets, respetively (all of spin 1/2).
The subjets of this exlusion priniple were the sets of additional Dira bispinor indies
appearing for the introdued generalized Dira elds and treated as undistinguishable
physial degrees of freedom. However, in Refs. [11℄ it was wrongly presumed that two
light sterile neutrinos mixed largely with two ative neutrinos νe and νµ, what now must
be speially orreted, of ourse.
The osmologial problems of light sterile neutrinos will not be disussed in this note.
2. Overall neutrino mixing matrix. In the present note, we will onjeture that
two light sterile neutrinos, all them νs and νs′, mix maximally with eah other, but
only moderately with three ative neutrinos νe, νµ, ντ . More preisely, we will assume the
overall 5×5 neutrino mixing matrix U (5) =
(
U
(5)
αi
)
(α = e, µ, τ , s, s′ and i = 1, 2, 3, 4, 5)
in the form
U (5) = U (5)(12)U (5)(14) =


c12c14 s12 0 c12s14 0
− 1√
2
s12c14
1√
2
c12
1√
2
− 1√
2
s12s14 0
1√
2
s12c14 − 1√2c12 1√2 1√2s12s14 0
− 1√
2
s14 0 0
1√
2
c14
1√
2
1√
2
s14 0 0 − 1√2c14 1√2


, (3)
where
U (5)(12) =


c12 s12 0 0 0
− 1√
2
s12
1√
2
c12
1√
2
0 0
1√
2
s12 − 1√2c12 1√2 0 0
0 0 0 1 0
0 0 0 0 1

 ,
U (5)(14) =


c14 0 0 s14 0
0 1 0 0 0
0 0 1 0 0
− 1√
2
s14 0 0
1√
2
c14
1√
2
1√
2
s14 0 0 − 1√2c14 1√2

 . (4)
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The rst matrix fator in Eq. (3) arises from the bilarge form (2) of ative-neutrino mixing
matrix by its trivial 5 × 5 extension, while the seond is an analogue of the rst, when
e, µ, τ ↔ e, s, s′ and 1, 2, 3 ↔ 1, 4, 5. Thus, the osine c14 and sine s14 are analogues of
osine c12 and sine s12, though the angle θ14 is expeted to be smaller than the large angle
θ12 ∼ 33◦. Also c45 = 1/
√
2 = s45 with the maximal angle θ45 = 45
◦
are analogues of
c23 = 1/
√
2 = s23 with the maximal θ23 = 45
◦
. Finally, an analogue of s13 = 0 is s15 = 0.
Both kinds of onditions are neessary for the maximal mixing of νµ with ντ and νs with
νs′.
The overall 5 × 5 neutrino mixing matrix (3) leads to the following unitary transfor-
mation νi =
∑
α U
(5)∗
αi να inverse to να =
∑
i U
(5)
αi νi:
ν1 = c14
(
c12νe − s12νµ − ντ√
2
)
− s14 νs − νs
′√
2
,
ν2 = s12νe + c12
νµ − ντ√
2
,
ν3 =
νµ + ντ√
2
,
ν4 = s14
(
c12νe − s12νµ − ντ√
2
)
+ c14
νs − νs′√
2
,
ν5 =
νs + νs′√
2
. (5)
This displays expliitly the maximal mixing of νµ and ντ as well as of νs and νs′,
beause these neutrinos appear in Eq. (5) through the ombinations (νµ∓ ντ )/
√
2 as well
as (νs ∓ νs′)/
√
2, where (νµ + ντ )/
√
2 as well as (νs + νs′)/
√
2 are deoupled from other
avor neutrinos (do not mix with them).
In the avor representation, where the harged-lepton mass matrix is diagonal, the
ative-neutrino mixing matrix (2) is at the same time the diagonalizing matrix for the
ative-neutrino eetive Majorana mass matrix. In this avor representation, the overall
5×5 eetive neutrino mass matrixM (5) =
(
M
(5)
αβ
)
(α, β = e, µ, τ, s, s′) an be alulated
from the formula
M
(5)
αβ =
∑
i
U
(5)
αi mi U
(5)∗
βi , (6)
where the matrix elements U
(5)
αi are given in Eq. (3). The form (6) is inverse to the
diagonalization formula
3
∑
αβ
U
(5)∗
αi M
(5)
αβ U
(5)
βj = miδij . (7)
3. Overall neutrino osillations. We will use the να → νβ neutrino osillation proba-
bilities (in the vauum)
P (να → νβ) = δβα − 4
∑
j>i
U
(5)∗
βj U
(5)
αj U
(5)
βi U
(5)∗
αi sin
2 xji (8)
(α, β = e, µ, τ, s, s′ and i, j = 1, 2, 3, 4, 5), where
xji ≡ 1.27
∆m2jiL
E
, ∆m2ji ≡ m2j −m2i (9)
(∆m2ji, L and E are measured in eV
2
, km and GeV, respetively). Here, CP violation is
negleted i.e., U
(5)∗
αi = U
(5)
αi (or, more generally, the quarti produts in Eq. (8) are real).
For U
(5)
αi we will make use of the matrix elements of U
(5)
as given in Eq. (3).
The formula (8) applied respetively to the ν¯µ → ν¯e, νe → νe and νµ → νµ osillations
leads to the probabilities (in the vauum)
P (ν¯µ → ν¯e) ≃ 2c212s212c214 sin2 x21 + 2c212s212s414 sin2 x41 , (10)
P (νe → νe) ≃ 1− 4c212s212s214 sin2 x21 − 4c212s214
(
1− c212s214
)
sin2 x41 (11)
and
P (νµ → νµ) ≃ 1− c212s212c214 sin2 x21 −
(
1− s212s214
)
sin2 x31
−2s212s214
(
1− 1
2
s212s
2
14
)
sin2 x41 , (12)
when x31 ≃ x32 and x41 ≃ x42 ≃ x43 (notie that here, x5i and so, m25 are absent). When,
in addition, x21 ≪ |x31| ≪ x41 (i.e.,m21 < m22 ≪ m23 ≪ m24 orm23 ≪ m21 ≃ m22 ≪ m24) with
(x41)LSND = O(pi/2), (x21)sol = O(pi/2), (x31)Chooz ≃ (x31)atm = O(pi/2) and (x31)atm =
O(pi/2) for the LSND eet, for the solar νe's, for the Chooz reator ν¯e's and for the
atmospheri νµ's, respetively, we get from Eqs. (10), (11) and (12) the probabilities (in
the vauum)
4
P (ν¯µ → ν¯e)LSND ≃ 2c212s212s414 sin2(x41)LSND , (13)
P (νe → νe)sol ≃ 1− 4c212s212c214 sin2(x21)sol − 2c212s214
(
1− c212s214
)
, (14)
P (ν¯e → ν¯e)Chooz ≃ 1− 2c212s214
(
1− c212s214
)
(15)
and
P (νµ → νµ)atm ≃ 1−
(
1− s212s214
)
sin2(x31)atm − s212s214
(
1− 1
2
s212s
2
14
)
. (16)
Of ourse, for solar νe's the MSW matter eet is signiant, leading to the aepted
LMA solar solution.
For the LSND eet of the order
P (ν¯µ → ν¯e)LSND ∼ 10−3 sin2(x41)LSND (17)
and of the mass sale, say, ∆m241 ∼ 1 eV2 we obtain the estimation
s214 ∼
(
10−3
2c212s
2
12
)1/2
∼ 0.049 (18)
and so, θ14 ∼ 13◦, when θ12 ∼ 33◦. This implies the following estimates:
P (νe → νe)sol ∼ 1− (0.83− 0.041) sin2(x21)sol − 0.066 , (19)
P (ν¯e → ν¯e)Chooz ∼ 1− 0.066 , (20)
and
P (νµ → νµ)atm ∼ 1− (1− 0.015) sin2(x31)atm − 0.014 . (21)
Here, 4c212s
2
12 ∼ 0.83 (c212 ∼ 0.70 and s212 ∼ 0.30).
It an be notied from Eq. (11) for νe → νe or ν¯e → ν¯e osillations that the third mass-
squared splitting ∆m2LSND ≡ ∆m241 ∼ 1 eV2, harateristi for the reported LSND eet
(Eq. (13)), may be manifested in priniple also for νe → νe or ν¯e → ν¯e osillations in any
other experiment at an energy E and a baseline L, where (x41)other ≃ (x41)LSND = O(pi/2)
(i.e., (L/E)other ≃ (L/E)LSND). In this ase,
P (νe → νe)other = P (ν¯e → ν¯e)other ≃ 1− 4c212s214
(
1− c212s214
)
sin2(x41)other
∼ 1− 0.13 sin2(x41)other , (22)
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when θ12 ∼ 33◦ and s214 ∼ 0.049. Any suh experiment might play for the LSND a-
elerator eet a somewhat similar role as that played by the Chooz experiment for the
SuperKamiokande atmospheri experiment, where (x31)Chooz ≃ (x31)atm = O(pi/2) (i.e.,
(L/E)Chooz ≃ (L/E)atm). An analogial remark on ∆m241 may pertain also to Eq. (12)
for νµ → νµ osillations.
4. Conlusions. When waiting for the test of LSND eet by the MiniBooNE ex-
periment that may onrm or refute the LSND result, we presented in this note a 3+2
neutrino model, where two light sterile neutrinos mix maximally with eah other and
only moderately with three ative neutrinos. The way of mixing is desribed by the 5× 5
mixing matrix (3).
Then, the LSND eet of the order (17) implies the estimates (19), (20) and (21) for
the solar anomaly, Chooz negative result and atmospheri anomaly, respetively.
Note that in the onventional three-neutrino sheme (inluding, in general, s13 6= 0)
the result orresponding to Eq. (15) is
P (ν¯e → ν¯e)Chooz ≃ 1− 4c213s213 sin2(x31)Chooz , (23)
when x31 ≃ x32. From the negative result of Chooz experiment 4c213s213 < 0.12 as s213 < 0.03
(here, (x31)Chooz ≃ (x31)atm = O(pi/2)).
As is shown in Appendix A, the simplest 3+1 model with one light sterile neutrino leads
to the same estimates (19), (20) and (21) as the 3+2 model with two maximally mixing
light sterile neutrinos, if the LSND eet is of the order (17). In fat, the osillations
(A7), (A8), (A9) and (A10) are idential with those given in Eqs. (13), (14), (15) and
(16).
Thus, the attrative 3+2 neutrino model with maximal mixing of two sterile neutrinos,
presented in this note, is not more eetive in explaining the hypotheti LSND result than
the simplest 3+1 neutrino model. On the other hand, as is indiated in Appendix B, in
the 3+2 model with maximal mixing of two sterile neutrinos where s15 = 0 (but s14 6= 0),
the deviations from onventional osillations of three ative neutrinos (where s14 = 0 and
s15 = 0) are minimal within a larger lass of 3+2 models allowing for s15 6= 0 (in addition
to s14 6= 0).
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Appendix A:
Comparing with the simplest 3+1 neutrino model
Consider the simplest 3+1 neutrino model with one sterile neutrino, desribed by the
overall 4× 4 mixing matrix bilarge in three ative neutrinos:
U (4) = U (4)(12)U (4)(14) =


c12c14 s12 0 c12s14
− 1√
2
s12c14
1√
2
c12
1√
2
− 1√
2
s12s14
1√
2
s12c14 − 1√2c12 1√2 1√2s12s14
−s14 0 0 c14

 , (A.1)
where
U (4)(12) =


c12 s12 0 0
− 1√
2
s12
1√
2
c12
1√
2
0
1√
2
s12 − 1√2c12 1√2 0
0 0 0 1

 , U (4)(14) =


c14 0 0 s14
0 1 0 0
0 0 1 0
−s14 0 0 c14

 . (A.2)
The osine c14 and sine s14 orrespond to an unknown mixing angle θ14 that has to be
estimated from the reported LSND result.
The form (A1) of the mixing matrix U (4) =
(
U
(4)
αi
)
(α = e, µ, τ, s and i = 1, 2, 3, 4)
leads to the following unitary transformation νi =
∑
α U
(4)∗
αi να inverse to να =
∑
i U
(4)
αi νi:
ν1 = c14
(
c12νe − s12 νµ − ντ√
2
)
− s14νs ,
ν2 = s12νe + c12
νµ − ντ√
2
,
ν3 =
νµ + ντ√
2
,
ν4 = s14
(
c12νe − s12 νµ − ντ√
2
)
+ c14νs . (A.3)
This displays the maximal mixing of ative neutrinos νµ and ντ whih appear in the
ombinations (νµ∓ ντ )/
√
2, where (νµ+ ντ )/
√
2 is deoupled from other avor neutrinos,
while the mixing of νe and (νµ− ντ )/
√
2 is large (though not maximal) having the mixing
angle θ12 ∼ 33◦.
The mixing matrix (A1) implies the neutrino osillation probabilities (in the vauum)
P (ν¯µ → ν¯e) ≃ 2c212s212c214 sin2 x21 + 2c212s212s414 sin2 x41 , (A.4)
P (νe → νe) ≃ 1− 4c212s212c214 sin2 x21 − 4c212s214(1− c212s214) sin2 x41 (A.5)
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and
P (νµ → νµ) ≃ 1−c212s212c214 sin2 x21−(1−s212s214) sin2 x31−2s212s214(1−
1
2
s212s
2
14) sin
2 x41 ,
(A.6)
when x31 ≃ x32 and x41 ≃ x42 ≃ x43. Hene, when x21 ≪ |x31| ≪ x41 with (x41)LSND =
O(pi/2), (x21)sol = O(pi/2), (x31)Chooz = O(pi/2) and (x31)atm = O(pi/2), respetively, for
the LSND eet, for the solar νe's, for the Chooz reator ν¯e's and for the atmospheri
νµ's, one obtains the probabilities (in the vauum)
P (ν¯µ → ν¯e)LSND ≃ 2c212s212s414 sin2(x41)LSND , (A.7)
P (νe → νe)sol ≃ 1− 4c212s212c214 sin2(x21)sol − 2c212s214(1− c212s214) , (A.8)
P (ν¯e → ν¯e)Chooz ≃ 1− 2c212s214(1− c212s214) (A.9)
and
P (νµ → νµ)atm ≃ 1− (1− s212s214) sin2(x31)atm − s212s214
(
1− 1
2
s212s
2
14
)
. (A.10)
From Eq. (A7), for the LSND eet of the order P (ν¯µ → ν¯e)LSND ∼ 10−3 sin2(x41)LSND
and of the mass sale, say, ∆m241 ∼ 1 eV2 one gets the estimation
s214 ∼
(
10−3
2c212s
2
12
)1/2
∼ 0.049 , (A.11)
when θ12 ∼ 33◦. This gives the following estimates:
P (νe → νe)sol ∼ (1− 0.83− 0.041) sin2(x21)sol − 0.066 , (A.12)
P (ν¯e → ν¯e)Chooz ∼ 1− 0.066 (A.13)
and
P (νµ → νµ)atm ∼ 1− (1− 0.015) sin2(x31)atm − 0.014 . (A.14)
We an see that the osillations (A7)(A10) and their estimates (A12)(A14) in the
ase of s214 ∼ 0.049, valid in the simplest 3+1 neutrino model, are idential with the
osillations (13)(16) and their estimates (19)(21) in the ase of s214 ∼ 0.049, obtained in
the 3+2 neutrino model with maximal mixing of two light sterile neutrinos. This identity
is, of ourse, a onsequene of the fat that U
(4)
αi = U
(5)
αi and U
(5)
α5 = 0 for α = e, µ and
i = 1, 2, 3, as it an be seen from Eqs. (A1) and (3). And this is true also for α = τ , the
osillations involving ντ being idential in both ases.
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Appendix B:
Perturbing the maximal mixing of two sterile neutrinos
The mixing matrix (3) in the 3+2 model with two maximally mixing light sterile
neutrinos requires the trivial value s15 = 0 orresponding to θ15 = 0. Now, introdue the
nontrivial mixing angle θ15 6= 0, replaing the fator matrix U (5)(14) in Eq. (3) by the
more general form
U (5)(14, 15) =


c14c15 0 0 s14c15 s15
0 1 0 0 0
0 0 1 0 0
− 1√
2
(s14+c14s15) 0 0
1√
2
(c14−s14s15) 1√2c15
1√
2
(s14−c14s15) 0 0 − 1√2(c14+s14s15) 1√2c15

 (B.1)
whih is the 5 × 5 trivially extended anonial form of 3 × 3 real unitary matrix for
α = e, s, s′ and i = 1, 4, 5 with c45 = 1/
√
2 = s45. Then, the mixing matrix (3) transits
into the new overall 5× 5 neutrino mixing matrix
U (5)=U (5)(12)U (5)(14, 15)
=


c12c14c15 s12 0 c12s14c15 c12s15
− 1√
2
s12c14c15
1√
2
c12
1√
2
− 1√
2
s12s14c15 − 1√2s12s15
1√
2
s12c14c15 − 1√2c12 1√2 1√2s12s14c15 1√2s12s15
− 1√
2
(s14 + c14s15) 0 0
1√
2
(c14 − s14s15) 1√2c15
1√
2
(s14 − c14s15) 0 0 − 1√2(c14 + s14s15) 1√2c15


. (B.2)
Of ourse, for s15 = 0 the mixing matrix (B2) omes bak to the form (3).
A onsequene of the new mixing matrix is the following unitary transformation νi =∑
α U
(5)∗
αi να:
ν1 = c14
[
c15
(
c12νe − s12 νµ − ντ√
2
)
− s15νs + νs
′√
2
]
− s14 νs − νs
′√
2
,
ν2 = s12νe + c12
νµ − ντ√
2
,
ν3 =
νµ + ντ√
2
,
ν4 = s14
[
c15
(
c12νe − s12 νµ − ντ√
2
)
− s15νs + νs
′√
2
]
+ c14
νs − νs′√
2
,
ν5 = s15
(
c12νe − s12 νµ − ντ√
2
)
+ c15
νs + νs′√
2
. (B.3)
We an see from Eqs. (B3) that here, the maximal mixing of νµ and ντ is maintained,
while the maximal mixing of νs nd νs′ is perturbed if s15 6= 0 (beside s14 6= 0).
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The new mixing matrix (B2) leads to the neutrino osillation probabilities (in the
vauum):
P (ν¯µ → ν¯e)LSND ≃ 2c212s212s214(s214 + s215) sin2(x41)LSND + c212s212s415 , (B.4)
P (νe → νe)sol ≃ 1− 4c212s212(1− s214 − s215) sin2(x21)sol − 2c212(s214 + s215) , (B.5)
P (ν¯e → ν¯e)Chooz ≃ 1− 2c212(s214 + s215) (B.6)
and
P (νµ → νµ)atm ≃ 1−
[
1− s212(s214 + s215)
]
sin2(x31)atm − s212(s214 + s215) , (B.7)
when x31 ≃ x32, x41 ≃ x42 ≃ x43, x51 ≃ x52 ≃ x53 ≃ x54 and x21 ≪ |x31| ≪ x41 ≪ x51
with (x41)LSND = O(pi/2), (x21)sol = O(pi/2) and (x31)Chooz ≃ (x31)atm = O(pi/2). Here,
the respetive higher powers of s214 ≪ 1 and s215 ≪ 1 are negleted.
From Eq. (B4), for the LSND eet of the order P (ν¯µ → ν¯e)LSND ∼ 10−3 sin2(x41)LSND
one obtains the estimation
(
s414 + s
2
14s
2
15 +
1
2 sin2(x41)LSND
s415
)1/2
∼
(
10−3
2c212s
2
12
)1/2
∼ 0.049 , (B8)
when θ12 ∼ 33◦. Here, sin2(x41)LSND ∼ 1/2 to 1. Thus, s214+s215 = (s414+2s214s215+s415)1/2 >
(lhs of Eq. (B8)) ∼ 0.049 if s15 6= 0, while s214 ∼ 0.049 if s15 = 0 (as is the ase in the
3+2 model with maximal mixing of two sterile neutrinos). Hene, one an infer that
the deviations from onventional osillations of three ative neutrinos (with s14 = 0 and
s15 = 0), being proportional to s
2
14 + s
2
15 in Eqs. (B5)(B7), get larger magnitudes in the
ase of s15 6= 0 (and s14 6= 0) than in the ase of s15 = 0 (but s14 6= 0), where two sterile
neutrinos mix maximally (leading to the estimates (19)(21)). Thus, when s15 = 0, the
3+2 neutrino models dened in Eq. (B2) for various values of s15 beome minimal (in
the sense of the disussed deviations). Suh a minimal harater of the deviations from
onventional neutrino osillations is onneted, therefore, with the maximal mixing of two
sterile neutrinos, realized if s15 = 0 (but s14 6= 0).
The osillation probabilities (B4)(B7) are valid obviously in the option of hierarhial
sterile neutrinos, where m24 ≪ m25 implying x41 ≪ x51. Then, our onlusion of minimal
harater of deviations from onventional neutrino osillations works for s15 = 0 (but
s14 6= 0). It turns out that in the opposite option of degenerate sterile neutrinos, where
10
m24 ≃ m25 leading to x41 ≃ x51 and x54 ≃ 0, the new mixing matrix (B2) provides
exatly the osillation probabilities of the form (13)(16), where s214 is replaed now by
s214 + s
2
15 − s214s215, equal approximately to s214 + s215. In this degenerate option, the LSND
eet of the order P (ν¯µ → ν¯e)LSND ∼ 10−3 sin2(x41)LSND gives the estimation
s214 + s
2
15 − s214s215 ∼
(
10−3
2c212s
2
12
)1/2
∼ 0.049 , (B9)
and the deviations from onventional osillations of three ative neutrinos are idential
to those in the 3+2 model with two maximally mixing sterile neutrinos. They are equal
to the previous minimal deviations appearing in the hierarhial option if s15 = 0 (but
s14 6= 0).
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